MITPA1 0.00 1 AUS PATENT 
APPARATUS AND METHOD FOR TRAPPING MICRO-OBJECT 

Background of the Invention 

Field of the Invention 

This invention relates to an apparatus and method for trapping a micro-object that can 
be utilized in the fields of biotechnology, medicine and crystal structure analysis, as well as 
other industrial applications requiring micro-operation. 
Description of the Related Art 

Crystal structure analysis using X-ray is used widely in recent years in the acquisition 
of crystal structures and biochemical information of proteins, etc. Protein crystals are micro- 
objects of around several \im in size. When conducting an X-ray crystal structure analysis on 
a micro-object of such miniature scale, first crystals are formed in a droplet. Next, a formed 
crystal is trapped into a ribbon-like flexible ring called "loop" inside the droplet. The process 
of trapping a crystal into the loop is called "looping." The looped crystal is then subjected to 
the X-ray crystal diffraction test and the data obtained from the X-ray crystal diffraction test 
is analyzed. 

To achieve high throughputs in the X-ray crystal structure analysis involving the 
series of steps described above, ways to increase the efficiency are being studied for the first 
step. Examples include a method to enable crystallization using a minimal amount of solution 
in the crystallization of macromolecules. As prior arts identified in such studies, methods and 
apparatuses for growing crystals have been disclosed that control the valence electrons so the 
electron holes in the surface or electron density can be controlled in accordance with the 
environment of the solution containing the target macromolecular compound as disclosed in 
Japanese Patent Application Laid-open No. 10-007498. 

However, other steps, such as the looping process to trap a crystal into the loop, are 
still performed manually. The traditional looping process is explained in detail. First, a 
droplet with crystals formed inside is placed on the table of a microscope, etc. While 
observing the placed droplet through the microscope the researcher then manually inserts a 
loop into this droplet. The loop is formed as a ribbon-like ring made of a fiber several nm 
thick, for example, and is able to hold inside the ring (loop) a crystal formed in the droplet. 
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Once a crystal in the droplet has been placed in the loop, the loop is raised to be separated 
from the droplet. Now, the surface tension of the solution allows the crystal to remain trapped 
inside the loop (the crystal is looped). 

The loop containing the crystal is then dipped in a solution that becomes amorphous 
when frozen. The purpose of this process is to replace the solution remaining around the 
crystal in the loop with the solution that becomes amorphous when frozen. This process is 
necessary since the crystal in the loop will be inserted into liquid nitrogen to be analyzed by 
the X-ray crystal diffraction test. By allowing the solution around the crystal to become 
amorphous when frozen, the crystal is protected from breakage and negative effects on X-ray 
diffraction photographs can also be suppressed. After the solution replacement, the crystal in 
the loop is inserted into liquid nitrogen together with the loop and frozen, and the frozen 
sample is analyzed by the X-ray crystal diffraction test. 

However, the prior art described above involves manual looping of crystals, where 
only the loop must be inserted into the droplet in which crystals are formed in order to trap a 
crystal. Since positions of crystals in the droplet are not stable, crystals may escape from the 
loop. Crystals may not move if the viscosity of the droplet is high, and if the viscosity is low 
they slip easily and make it difficult to load a crystal into the loop. In addition, the crystal 
often comes off of the loop as the loop containing the crystal is moved out of the droplet, 
which keeps the success ratio of looping fairly low. As a result, this looping process must be 
repeated many times until a crystal is successfully looped. 

Furthermore, even after a crystal has been loaded into the loop the crystal sometimes 
comes off of the loop when the solution remaining around the crystal is replaced with one 
that becomes amorphous when frozen. Therefore, the chances of a crystal remaining loaded 
in the loop until the X-ray crystal diffraction test is conducted are very low. The resulting 
needs to repeat looping reduce the overall looping efficiency. 

On the other hand, to achieve high throughputs in the crystal structure analysis of 
proteins, etc., it is also crucial to automate the crystal looping step to increase the operation 
efficiency. 

Summary of the Invention 
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In view of the above, the present invention aims to achieve an apparatus and method 
for trapping a micro-object that allows for a looping of micro-objects such as protein crystals 
in an easy, reliable and efficient manner. 

To solve the problems described above, the present invention provides an apparatus 
for trapping a micro-object that comprises a base, a gripping mechanism for gripping a 

r 

micro-object in a droplet placed in the specified location on the aforementioned base and a 
trapping mechanism for trapping the aforementioned micro-object gripped by the 
aforementioned gripping mechanism. 

The present invention also provides an apparatus for trapping a micro-object that 
comprises a base, a gripping mechanism for gripping a micro-object in a droplet placed in the 
specified location on the aforementioned base and a trapping mechanism for trapping the 
aforementioned micro-object gripped by the aforementioned gripping mechanism, wherein 
the aforementioned trapping mechanism includes a trapping means for trapping the 
aforementioned micro-object, a moving means for moving the aforementioned trapping 
means and an installation means for installing the aforementioned trapping means on the 
aforementioned moving means. 

The present invention also provides an apparatus for trapping a micro-object that 
comprises a base, a feed mechanism for placing a droplet containing micro-objects in the 
specified location on the aforementioned base, a gripping mechanism for gripping the 
aforementioned micro-object in the aforementioned droplet placed in the specified location 
on the aforementioned base and a trapping mechanism for trapping the aforementioned 
micro-object gripped by the aforementioned gripping mechanism, wherein the 
aforementioned trapping mechanism includes a trapping means for trapping the 
aforementioned micro-object, a moving means for moving the aforementioned trapping 
means and an installation means for installing the aforementioned trapping means on the 
aforementioned moving means. 

It is desirable that a lifting means for separating from the aforementioned droplet the 
micro-object gripped by the aforementioned gripping mechanism and trapped by the 
aforementioned trapping mechanism be provided on the aforementioned base. 
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It is desirable that a means for observing and displaying the trapped condition of the 
aforementioned micro-object be provided on the aforementioned base. 

The present invention also provides a method for trapping a micro-object that 
comprises the first step where a droplet containing micro-objects is placed in the specified 
location, the second step where the aforementioned micro-object in the aforementioned 
droplet is gripped, the third step where the aforementioned micro-object being gripped is 
trapped and the fourth step where the aforementioned micro-object being trapped is separated 
from the aforementioned droplet. 

It is desirable that the fifth step where at least the aforementioned second step through 
the aforementioned fourth step are observed and displayed be included in this method. 

Brief Description of the Drawings 
These and other features of this invention will now be described with reference to the 
drawings of preferred embodiments which are intended to illustrate and not to limit the 
invention. 

FIG. 1 is a figure that explains the basic principle of the apparatus and method 
provided by the present invention. 

FIG. 2 is a plan view that explains an example of the apparatus and method for 
trapping a micro-object as provided by the present invention. 

FIG. 3 is a schematic drawing showing a side view of a part of the apparatus for 
trapping a micro-object illustrated in FIG. 1. 

FIG. 4 is an oblique view of a part of the apparatus for trapping a micro-object 
illustrated in FIG. 1. 

Explanation of symbols used is as follows: 1, 11: Crystal; 2, 12: Droplet; 2a: 
Solution; 3, 13: Base; 4, 51: Gripping mechanism; 5, 81: Trapping mechanism; 6, 56: 
Gripping members; 7, 17: Loop; 8: Area inside the loop; 14: Crystallization tray; 14a: 
Concave; 31: Feed mechanism; 32: Crystallization-tray feed device; 33: Crystallization-tray 
transfer device; 36 5 96: Joint; 34, 94: Link arm; 35, 95: Gripping part; 52: Gripping device; 
53, 83: xyz stage; 53a, 83a: x stage; 53b, 83b: y stage; 53c, 83c: z stage; 56a: First finger; 
56b: Second finger; 82: Trapping member; 82a: Bar-shaped member; 82b: Base; 82c: 
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Installation part; 84: Loop transfer device; 85: Loop holder; 85a: Tip; 90: Loop feed 
device; 101: Lift device; 101a: Top; 101b: Lift base; 111: Microscope; 112: Display device; 
113: Computer; 120: Illumination source; 130: Container. 

Detailed Description of the Preferred Embodiment 

An example of embodiment of the apparatus and method for trapping a micro-object 
as provided by the present invention is explained by referring to the drawings. 

The present invention provides an apparatus and method for trapping a micro-object 
of around several \im in size, such as protein crystals. First, the basic principle of the present 
invention is. explained. 

Before a protein structure can be analyzed by the X-ray diffraction test, crystals of that 
protein must be created. Protein crystals are usually formed in a droplet. To be specific, 
protein of a specified concentration is mixed into a droplet to form protein crystals (may be 
simply referred to as "crystals" hereinafter). The type of droplet in which crystals are formed 
will determine the viscosity of the droplet. Once crystals are formed, they can be trapped 
inside the droplet for use in the X-ray diffraction test. 

FIG, 1 explains the basic principle of an apparatus and method for trapping a micro- 
object as provided by the present invention. A droplet 2 containing a crystal 1 is placed in a 
specified location on a base 3. The droplet 2 has a specified concentration. Shown near the 
droplet 2 are a gripping mechanism 4 and a trapping mechanism 5 provided by the present 
invention (FIG. 1(a)). The gripping mechanism 4 has two thin, long gripping members 6 that 
resemble chopsticks, which become thinner toward the tips. The gripping members 6 move 
like chopsticks to grip the crystal 1. A loop 7 is installed at the tip of the trapping mechanism 
5. The loop 7 is formed as a ribbon-like ring made of a fiber several (am thick, for example. 

According to the present invention, the crystal 1 in the droplet 2 is trapped into the 
loop 7 using the gripping mechanism 4 and trapping mechanism 5. First, the gripping 
members 6 are inserted into the droplet 2 to grip the crystal 1. Here, "grip" also means to 
cause the gripping members 6 to lightly contact the crystal in a manner sandwiching the 
crystal. Next, the loop 7 is inserted into the droplet 2 and the crystal 1 gripped by the gripping 
members 6 is placed into an area 8 inside the loop (FIG. 1(b)). Since the crystal 1 is gripped 
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by the gripping members 6, it is securely held in place inside the droplet 2, thus allowing the 
crystal 1 to be easily placed (trapped) into the area 8 inside the loop 7. 

Next, the gripping members 6, loop 7 and crystal 1 are raised together with the crystal 
1 trapped in the area 8 inside the loop 7 while still being gripped by the gripping members 6, 
in order to separate the crystal from the droplet 2. Since the crystal 1 is gripped by the 
gripping members 6, it will be held safely inside the loop 7 as it is removed from the droplet 
2. In addition, the surface tension of a solution 2a remaining around the crystal 1 also helps 
retain the crystal 1 in the loop 7 (the crystal is looped) (FIG. 1(c)). 
(Example 1) 

FIG. 2 gives a plan view of an example of an apparatus and method for trapping a 
micro-object as provided by the present invention. FIG. 3 provides a schematic drawing 
showing a side view of the apparatus for trapping a micro-object illustrated in FIG. 2. FIG. 4 
provides a schematic drawing showing an oblique view of the apparatus for trapping a micro- 
object illustrated in FIG. 2. The trapping apparatus given by this example is explained by 
referring to FIGS. 2 through 4. 

The trapping apparatus given by this example consists of a base 13, a feed mechanism 
31 for placing, in the specified location on the base 13, a crystallization tray 14 carrying a 
droplet 12 in which a crystal 11 of protein, etc., is formed, a gripping mechanism 51 for 
gripping the crystal 11 in the droplet 12 on the crystallization tray 14 placed in the specified 
location, a trapping mechanism 81 for trapping the crystal 1 1, a lift device 101 that provides a 
lifting means for separating the trapped crystal 1 1 from the droplet 12, and a microscope 1 1 1 
and display device 112 that provide a means for observing and displaying the trapped 
condition of the crystal 11. 

The feed mechanism 31 consists of a crystallization-tray feed device 32 and a 
crystallization-tray transfer device 33. The crystallization-tray feed device 32 has a plurality 
of crystallization trays 14 containing crystals 11. Crystals 1 1 are preformed in the droplets 12 
placed in a plurality of concaves 14a provided in each crystallization tray 14. 

The crystallization-tray transfer device 33 has a link arm 34 with a joint 36. (The 
dotted lines in FIG. 2 show a rotational movement of the link arm 34.) In addition, a gripping 
part 35 is provided at the tip of the link arm 34. The crystallization-tray transfer device 33 
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uses the gripping part 35 to grip a crystallization tray 14 from among the trays arranged on 
the crystallization-tray feed device 32, moves it via the link arm 34 and places it in the 
specified location on the base 13. 

The lift device 101 is provided near the center of the base 13. The lift device 101 is 
extendable/contractible using a hydraulic mechanism, for example, and its top 101a is 
movable upward and downward (in the z direction). The lift device 101 is equipped with a 
cantilever lift base 101b, and this lift base 101b also moves up and down together with the 
top 101a. A hole (not shown) is provided in the base 13 where the lift base 101b is located, so 
the crystallization tray 14 placed on the lift base 101b can be observed from below the base 
13 using the microscope 1 1 1 explained later. In this example, this lift base 101b provides the 
specified location on the base 13 where a crystallization tray 14 is placed. 

FIGS. 2 through 4 illustrate conditions in which a crystallization tray 14 is placed on 
the lift base 101b. In FIG. 3, however, the crystallization tray 14 is omitted and only the 
trapping target, namely a droplet 12 and a crystal 1 1 in the droplet 12, is shown. 

The gripping mechanism 51 that grips a crystal 11 is provided on the base 13. The 
gripping mechanism 51 consists of an xyz stage 53 and a gripping device 52 installed on the 
xyz stage 53. The xyz stage 53 provides a means for moving the gripping device 52 and 
consists of an x stage 53a, a y stage 53b and a z stage 53c. The z stage 53c is 
extendable/contractible using a hydraulic mechanism, for example, and the top of the z stage 
53c is movable upward and downward (in the z direction as shown by arrow zl in FIG. 4). 
The x stage 53a is provided on top of the z stage 53c and is movable in the x direction (the 
direction shown by arrow xl in FIG. 4) using a linear bearing, etc. The y stage 53b is 
provided on the x stage 53a and is movable in the y direction (the direction perpendicular to 
the x and z directions as shown by arrow y 1 in FIG. 4) using a linear bearing, etc. 

The gripping device 52 has gripping members 56 consisting of two thin, long fingers 
that resemble chopsticks (a first finger 56a and a second finger 56b). The gripping device 52 
is equipped with upper and lower parallel mechanisms that drive the first finger 56a and 
second finger 56b, respectively (both mechanisms are not shown). The upper parallel 
mechanism mainly generates fine relative motions, while the lower parallel mechanism is 
chiefly used to perform positioning in a wide work space. The fine relative motions of the 
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first finger 56a and second finger 56b make it easy to handle the target. This gripping device 
52 is embodied by publicly known art (such as the one described in Patent Gazette of Patent 
No. 2560262). 

Using the gripping mechanism 51 described above, the gripping members 56 of the 
gripping device 52 are moved via the xyz stage 53 to the position of the crystallization tray 14 
that has been placed on the lift base 101b, and then the gripping members 56 are used to grip 
a crystal 1 1 in the droplet 12 on the crystallization tray 14. 

The trapping mechanism 81 for trapping a crystal 1 1 consists of a trapping member 82 
that provides a means for trapping a crystal 1 1, an xyz stage 83 that provides a moving means 
and a loop transfer device 84 that provides an installation means. The trapping member 82 
has a base 82b on a bar-shaped member 82a, with an installation part 82c provided below the 
base 82b and a loop 17 provided at the tip of the trapping member 82. The loop 17 is formed 
as a ribbon-like flexible ring made of rayon or similar material. The entire trapping member 
82 is sometimes referred to as a loop, but in this specification a loop 17 refers to the ribbon- 
like ring part. This loop 17 is inserted into the droplet 12 on the crystallization tray 14, and 
the crystal 1 1 gripped in the droplet 12 by the gripping members 56 is placed inside the ring 
of the loop 1 7 to be trapped. 

The xyz stage 83 provides a means for moving the trapping member 82, and just like 
the xyz stage 53 this stage also consists of an x stage 83a, a y stage 83b and a z stage 83c. 
Here, too, the z stage 83c is extendable/contractible using a hydraulic mechanism, etc., and 
its top is movable in the z direction (the direction shown by arrow z2 in FIG. 4). The x stage 
83a provided on top of the z stage 83c is movable in the x direction (the direction shown by 
arrow x2 in FIG. 4) using a linear bearing, etc. The y stage 83b provided on the x stage 83a is 
movable in the y direction (the direction shown by arrow y2 in FIG. 4) using a linear bearing, 
etc. 

The xyz stage 83 has a loop holder 85 that holds the installed trapping member 82. 
Specifically, the trapping member 82 is held in the loop holder 85 as its installation part 82c 
is installed to the tip 85a of this loop holder 85. 

When looping a crystal 1 1, the xyz stage 83 is moved to place (trap) the crystal 1 1 in 
the droplet 12 into the loop 17 installed at the tip of the trapping member 82. Therefore, the 
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xyz stage 83 should have a sufficient positioning accuracy required to trap a crystal 11 in the 
droplet 12 using the trapping member 82. 

The loop transfer device 84 provides an installation means for transferring a trapping 
member 82 placed on the loop feed device 90 to the position of the xyz stage 83 and then 
installing it to the loop holder 85 on the xyz stage 83. The loop feed device 90 has a plurality 
of trapping members 82 placed on it, each having a loop 17 of a different size. 

Just like the crystallization-tray transfer device 33 mentioned earlier, the loop transfer 
device 84 also has a link arm 94 with a joint 96. (The dotted lines in FIG. 2 show a rotational 
movement of the link arm 94.) A gripping part 95 is provided at the tip of the link arm 94. 
The loop transfer device 84 uses the gripping part 95 to pick up, from the loop feed device 
90, a trapping member 82 having a loop 17 of an appropriate size suitable for the target 
crystal 11, and then turns the link arm 94 to transfer the trapping member 82 to the position 
of the xyz stage 83 and installs it to the tip 85a of the loop holder 85. 

This operation of the loop transfer device 84 is less precise than the aforementioned 
operation of the xyz stage 83 and therefore does not require a level of positioning accuracy 
needed to place a crystal 1 1 in the droplet 12 into the ring of the loop 17. This is because all 
that is required of the loop transfer device 84 is to swiftly install a trapping member 82 to the 
loop holder 85 on the xyz stage 83. 

By operating the loop transfer device 84 and xyz stage 83 together, a crystal 1 1 can be 
swiftly and accurately looped. This improves the looping efficiency. 

If the positioning accuracy of the loop transfer device 84 itself is raised to a level 
equivalent to that of the xyz stage 83, it will become possible to directly trap a crystal 1 1 in 
the droplet 12 using the trapping member 82 gripped by the loop transfer device 84. In this 
case, the xyz stage 83 is no longer necessary and the trapping mechanism will consist only of 
the loop transfer device 84 providing an installation means and the trapping member 82 
providing a trapping means. 

A container 130 filled with liquid nitrogen is placed near the loop transfer device 84. 
This container 130 is used when the trapping member 82, which already has a crystal 11 
loaded inside the loop 17, is gripped and transferred again by the loop transfer device 84 to be 
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dipped together with the loop 17 into the liquid nitrogen inside the container 130 in order to 
freeze the crystal 11. 

A microscope 111 and a display device 112 are provided below the base 13. The 
microscope 111 and display device 112 provide a means for observing and displaying the 
trapped condition of a crystal 1 1 inside the loop 17. The microscope 1 1 1 is connected to an 
imaging element such as a CCD, so the trapped condition of the crystal 1 1 can be captured 
from below the droplet 12, for example, and displayed on the display device 112 of a 
computer 1 13. It is also possible for the researcher to directly observe crystals 1 1 or trapped 
condition of a crystal 1 1 by looking into the microscope 111. 

As shown in FIG. 3, a droplet 12 being observed has a dome-shaped surface due to 
the surface tension, but the droplet 12 on the crystallization tray 14 (not shown in FIG. 3) has 
a flat bottom. Therefore, observing the trapped condition of a crystal 1 1 from below the 
droplet 12 eliminates the effect of surface tension and allows for an accurate observation of 
undistorted image. 

In this example, the lift base 101b and crystallization tray 14 are formed by 
transparent members to allow the trapped condition of a crystal 1 1 to be observed/displayed 
from below the droplet 12. In addition, as mentioned earlier the hole provided in the base 13 
where the lift base 101b is positioned allows for an observation of the droplet 12 from below 
the base 13. 

An illumination source 120 is provided above the base 13, so the work area around 
the crystallization tray 14 can be illuminated for enhanced visibility as a crystal 1 1 is trapped 
with the gripping device 52 and trapping member 82. 

At least the aforementioned gripping mechanism 51, trapping mechanism 81, lift 
device 101 and microscope 1 1 1 are connected to a computer 113, so the timings of trapping 
and observing/displaying a crystal 1 1 can be controlled. 

In this example, the lift device 101 is movable only in the z direction, but it can also 
be configured with xyz moving capabilities just like the xyz stages 53 and 83. In this case, the 
target crystal 1 1 can be easily brought into the field of view of the microscope 111 on the 
crystallization tray 14 by moving the lift device 101 . 
(Operation) 
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Next, the operation of the trapping apparatus given by this example is explained. 
From the crystallization-tray feed device 32 on which a plurality of crystallization trays 14 
are placed, each holding droplets 12 containing crystals 11, the target crystallization tray 14 
to perform looping on is transferred onto the lift base 101b via the crystallization-tray transfer 
device 34 (first step). 

Then, the researcher uses the microscope 111 to observe a crystal 11 in the placed 
crystallization tray 14 and determines the size of the crystal 11 and selects a loop 17 of an 
appropriate size suitable for the crystal 11. Although the researcher determines the size of the 
loop 17 by observing the target crystal 11 in this example, it is also possible to use the 
computer 113 to automatically determine the size of the crystal 11 observed by the 
microscope 1 1 1 and select an appropriate size of the loop 17. 

Next, the xyz stage 53 of the gripping mechanism 51 is used to move the gripping 
device 52 over the placed crystallization tray 14, and a crystal in the droplet 12 on the 
crystallization tray 14 is gripped using the gripping members 56 (second step). When the 
crystal 1 1 is gripped, it need not be gripped firmly with the gripping members 56. It suffices 
for the gripping members 56 to only lightly contact the crystal 1 1 in a manner sandwiching 
the crystal. 

In the meantime, from among the plurality of trapping members 82 placed on the loop 
feed device 90 one having the loop 17 selected in accordance with the size of the crystal 1 1 is 
gripped and transferred by the loop transfer device 84 to be installed to the loop holder 85 on 
the xyz stage 83. Thereafter, the xyz stage 83 is moved until the crystal 11 gripped by the 
gripping members 56 is placed (trapped) inside the ring of the loop 17 on the trapping 
member 82 (third step). Since the crystal 11 is gripped by the gripping members 56, its 
position in the droplet 12 is fixed. Therefore, the crystal 1 1 can be easily trapped into the loop 
17. 

With the crystal 1 1 in the droplet 12 gripped by the gripping members 56 and trapped 
inside the loop 17, the lift device 101 is moved downward to lower the lift base 101b. 
Alternatively, the gripping members 56 may be removed from the crystal 1 1 in the droplet 12 
being trapped inside the loop 17, and then the lift base 101b is lowered with the crystal 1 1 
trapped inside the loop 17. 
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As explained above, lowering the lift base 101b will move the droplet 12 downward 
together with the crystallization tray 14 placed on the lift device 101b. As a result, the crystal 
11 will be separated from the droplet 12 (fourth step). The crystal 11 inside the loop 17 
(trapped inside the ring of the loop 17) is held in place because of the surface tension of the 
droplet remaining around the crystal 1 1 . This completes the looping of the crystal 1 1 . 

By using the lift device 101, the crystal 1 1 can be separated from the droplet 12 using 
a simple operation of lowering the lift device 101, without moving the trapping member 82 
and gripping device 52 holding the crystal 11. 

When separating the loop 17 holding the crystal 11 from the droplet 12 by lowering 
the lift base 101b, the crystal 11 in the droplet 12 need not be positioned on the upper side of 
the loop 17, and it may be positioned on the lower side the loop 17. This is because the 
crystal 1 1 will remain in place inside the loop 17 by the surface tension of the droplet 12 as it 
is separated from the droplet 12. 

In this example, the droplet 12 is moved downward by lowering the lift base 101b to 
separate the crystal 1 1 in the loop 17 from the droplet 12. It is also possible to use the xyz 
stages 53 and 83 to move upward the trapping member 82 and gripping members 56 holding 
the crystal 1 1 inside the loop 17, thereby separating the crystal 1 1 from the droplet 12 without 
moving the lift base 101b. 

At least the second step through the fourth step as explained above, namely the 
conditions of gripping a crystal 11 on the placed crystallization tray 14 and of 
looping/trapping the crystal 11, can be observed via the microscope 1 1 1 provided below the 
base 13 from, for example, below the droplet 12 containing the crystal 11. In addition, the 
image captured by an imaging element such as a CCD can be displayed on the display device 
1 1 2 of the computer 113. 

In this example, the trapped condition of the crystal 1 1 in the loop is observed from 
below the droplet 12. However, the observation of the crystal 1 1 is not limited to downward 
direction and the trapped condition of the crystal 11 can be observed, for example, from 
above the droplet 12. 
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Also, the microscope 111 and display device 112 are provided here as a means for 
observing and displaying the trapped condition of the crystal 11. However, it is possible to 
use only the microscope 1 1 1 without providing any display device 112. 

In the above example, automating the looping of a crystal 1 1 will enable efficient 
looping. It will also allow for an easy, reliable loading of a crystal 11 into the loop 17, 
thereby increasing the success ratio of looping. 

The above explained, using an example, an embodiment of the apparatus and method 
for trapping a micro-object as provided by the present invention. It goes without saying that 
the present invention is not limited to this specific example, but it can be utilized in various 
applications within the scope of technical items described under "Scope of Claims." 

By using the apparatus and method for trapping a micro-object having the 
aforementioned structure as provided by the present invention, micro-objects such as protein 
crystals can be looped easily, reliably and efficiently, thereby increasing the throughputs of 
protein crystal analysis. 
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